To define the step in the Shh pathway affected by icb, we analyzed the phenotype of embryos mutant for both Results and Discussion icb and Patched1 (Ptch1). Ptch1 is a membrane protein that binds Shh and is required to keep the downstream In an ongoing genome-wide screen for recessive ENUsignaling pathway off in the absence of Hh ligand [8]. induced mutations that affect the morphology of the Both Ptch1 and icb embryos arrested at e9.0-e9.5, but midgestation mouse embryo, we identified six mutations they did so with contrasting morphology; for example, that caused abnormal neural tube morphology and abthe head of Ptch1 embryos appeared truncated, and normal left-right asymmetry at e9.5. Among the mutants, the neural tube was not closed, while the icb neural tube bent body (bnb) [2] and icbins (icb) stood out because was closed (Figure 3) . icb Ptch1 double mutant embryos their phenotypes were so similar (Figures 1 and 2) . Both had the same morphology as Ptch1 single mutant emarrested at e9.0-9.5, after initiating embryonic turning bryos, and this similarity suggests that the Shh targets in a randomized direction. The embryos lacked asymare activated in icb Ptch1 double mutants, as in Ptch1 metrical heart looping and showed pericardial edema, mutants. In the spinal cord, Ptch1 and icb had opposite suggesting that circulatory system defects were the phenotypes. The Ptch1 neural tubes were ventralized 
the lateral neural marker Pax6 was expressed in an exIn contrast to Drosophila disp, which is expressed ubiquitously in embryos and imaginal discs [13] , Disp1 panded domain. The neural tissue of icb Ptch1 double mutant embryos was ventralized, like the Ptch1 single showed a restricted expression pattern (Figure 4 ). At e8.5-9.5, when icb embryos first showed abnormal mormutant: Hnf3␤ was expressed in all neural cells, and no Pax6 expression was detected. Thus, all aspects of the phology, Disp1 was expressed in tissues that require Hh signaling, including the notochord, ventral neural icb Ptch1 double mutant phenotype were indistinguishable from the Ptch1 single mutant, and icb appears to tube, somites, branchial arches, and limb buds. The pattern of expression of Disp1 was restricted by e10.5 act upstream of receptor Ptch1. Because Shh protein was present in the icb notochord, icb must act at a step to high levels in head mesenchyme, neural tube, somites, and limb ectoderm. While Disp1 expression genbetween the production of Shh protein in the notochord and binding of Shh to the Ptch1 receptor in the ventral erally correlated with tissues known to possess active Hedgehog signaling, it was interesting to note that the neural tube.
The nascent Hh protein undergoes an autocatalytic Disp1 expression became localized to the anterior half of the forelimb buds, away from the posterior source cleavage that covalently links a cholesterol group to a new carboxy terminus [10] [11] [12] . Drosophila disp encodes of Shh. We identified additional dinucleotide repeat sea transmembrane protein that is absolutely required for the secretion of the cholesterol-modified Hh but is not quences that were polymorphic in our mapping cross, which made it possible to narrow the interval including required for the secretion of a truncated form of Hh that cannot be modified [ role in determining where Shh can act at a distance.
All mice and embryos were genotyped as described [24] .
Experimental Procedures Molecular Marker Analysis Genetic Crosses and Identification of Mutant Lines
In situ hybridization and immunohistochemical staining were carried A total of 242 lines were established from individual F1 male progeny out as described previously [24] . of ENU-treated males. G3 embryos that were potentially homozygous for newly induced mutations were examined for abnormal morphology at e9.5, as previously described [ 
